Abstract. A new low frequency radio selected Sample of 125 Quasars complete down to 100 mJy at 408 MHz is presented in this paper. The sample is a part of the B3-VLA sample: 1050 radiosources selected from the B3 catalogue at 408 MHz and observed at the VLA (1465 MHz, C and A configurations). Out of the 352 sources, identified on the POSS-I down to m r ∼ 20.0, 172 are quasar candidates. In this paper we give the final assessment of the quasar sample from spectroscopic observations of the candidates. The final complete quasar sample consists of 125 objects. Furthermore 3 Bl Lac objects have been identified and two Bl Lac candidates.
Introduction
Quasars were first discovered through the optical identification of radio sources. Optical searches, based on different criteria from multicolor selection to grism searches, have produced a large number of optically selected quasar and have shown that radio loud quasars are really a fraction of the quasar population. However, optical multicolor searches have their own problems in completeness if, for instance, a large fraction of obscured quasars exists (Webster et al. 1995) . In principle radio quasars samples do not suffer from a bias of this kind and, therefore, studying their color distribution, they should provide a direct test on the number of obscured quasars.
In the last years, a renewed interest is also raising in radio samples selected at low frequency because they provide an effective way to test the Unified Schemes (US) for Send offprint requests to: M. Vigotti Tables 4, 5, 6 and Figs. 1, 2, 3, 4, 6 are also available in electronic form at the CDS via anonymous ftp to: cdsarc.ustrasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/ Abstract.html extragalactic radiosources (Barthel 1989 ) through, for instance, a direct comparison of the observed angular sizes of radiogalaxies and quasars in the same redshift range.
Quasar samples selected at meter-wavelength are preferable with respect to high frequency selected samples because the source selection is largely based on their lobe emission. On the contrary flat spectrum sources, predominant in high frequency selected samples, are mostly core-dominated cases where the relativistic beaming might introduce serious selection effects.
Although US are generally accepted, some authors found observational evidences which cannot be explained by this scheme and that require a more complex treatment of the AGN phenomenon. Using 3CR, MQS, 1JY samples and an earlier version of the present B3−VLA quasar sample (see Singal 1993 and references therein), Singal finds several discrepancies between the predictions of US and the observational data. For instance, the observed number of quasars versus total source number, namely the quasar fraction (f q ) changes with the limiting flux of the sample. In the MQS sample, Kapahi et al. (1996) show that apparent sizes of radiogalaxies and quasars have almost an equal distribution at any redshift in contradiction with the US prediction. A similar result has been found by Blundell et al. (1996) , using 3CR, 5C, 6C and 8C samples.
In a future paper, using all the available parameters of radiogalaxies and quasars of the B3−VLA sample (apparent diameters, flux, power, redshifts), we will verify the predictions of the US.
In Sect. 2 we present the final QSO sample based on spectroscopic observations reported in Vigotti et al. (1990) , Lahulla et al. (1991) and further observations of the remaining candidates described in Sect. 3 of the present paper. Section 4 contains comments on some individual sources, and finally Sect. 5 summarizes the present data.
2. The B3-VLA quasar sample
The radio sample
The B3 radiosource catalogue (Ficarra et al. 1985) , lists 13354 sources brighter than 100 mJy at 408 MHz and covers 0.78 steradians in a sky strip from 37
• to 47
• , all hour angles.
From the B3, down to the catalogue limit of 0.1 Jy, Vigotti et al. (1989) selected five complete subsamples separated by equal increments in logarithmic flux density and containing approximately the same number of sources, through the choice of different declination limits for each subsample. Furthermore, the right ascention range was restricted to exclude sky areas at low galactic latitude (R.A. 23 h 00 m − 03 h 00 m and 07 h 00 m − 15 h 00 m ). From VLA maps in C configuration at 1465 MHz for the 1103 sources in the sample, Vigotti et al. (1989) obtained radio positions (accurate to 0.5 arcsec rms) which allowed the optical identification on POSS-I prints based on positional coincidence. The analysis of these maps has also led to the exclusion of 53 sources from the sample because they were either lobes or because some sources joined to form a single source.
These sources were reobserved at the same frequency with the VLA in A configuration allowing a better resolution, i.e. HPBW 1.4 arcsec to be compared with 14 arcsecs of C configuration. A−configuration VLA maps will be presented elsewhere (Vigotti et al. 1996, in preparation) .
The final radio sample contains 1050 radiosources. Table 1 shows the sample definitions, the number of sources and the solid angle covered in each subsample. All the sky area limits are at 1950.0 epoch, except the declination limits for sample 4, which correspond to the whole B3 catalogue, and are referred to 1978.0 epoch. The solid angles are corrected for the incompleteness regions of the B3 survey.
Identifications
Out of the original 352 identified objects, described in Vigotti et al. (1989) , 183 were quasars candidates, defining a quasar candidate on the basis of its star-like appearance, regardless of the color, to avoid color biases.
These were examined using the positional coincidence between the optical and radio positions and the structural informations coming both from the A-configuration and C-configuration VLA maps. In order to build a complete sample of quasar candidates, we have accepted also identifications which are formally at low probability. For the unresolved sources the radio-optical rms displacement is ∼ 0. 75 and the 3σ radius is ∼ 2. 5, but we decided to extend the search up to 6 . Infact, examining the radiooptical displacement histogram (see Fig. 1 ) for the 57 unresolved (in C-configuration) spectroscopically confirmed quasars, we see that the 3σ choice would have implied a loss of ∼ 7% of the unresolved sources (4/57) with a displacement greater than 2. 5. A posteriori looking the Aconfiguration maps we understand why the distribution is not gaussian. In all the four cases the quasar was coincident with the faint component of a double radiosource of 4 − 5 arcseconds diameter, and with a very high flux ratio between the two radio components.
Furthermore, we obtained CCD images with the 1.5 meters Loiano Telescope of Bologna Observatory or with 3.5 meters telescope at Calar Alto of all the identified objects with uncertain optical classification from plates in the original sample, in order to be sure not to have missed any star-like object.
From the 183 quasar candidates in Vigotti et al. (1989) we excluded: (a) five candidates with m r ≥ 20.0m (0019+391, 0800+399, 0800+472, 0805+406 and 1357+392). (b) three candidates which from the A−configuration VLA maps turned into empty fields (0209+390, 1012+389 and 1317+389). (c) three candidates which revealed to be plate−flaws from CCD images (1033+408, 1258+395 and 1301+393). 
Magnitudes
The candidates magnitudes in Vigotti et al. (1989) were estimates on POSS−I enlargements obtained by comparison with reference star images in the Selected Area 57. The accuracy of those estimated R magnitudes is 0.5 m. As machine measured R magnitudes are available from the APM Catalogue (Irwin 1992) which have an rms error of ∼ 0.3m, we list these in Table 4 . There is a good agreement between the two magnitude scales (see Fig. 2 ) with a 0.024m zero point. In two cases (0143+446b, 1342+389a) we adopted the estimated magnitudes because APM was clearly wrong (they were giving the magnitude of the quasar plus a star few seconds apart). The sample is complete down to POSS−I limit in red, nominally 20.0; however a plate to plate variation of 0.25 magnitudes could affect the sample. 
The sample completeness
We can estimate the optical completeness of the sample, namely how many quasars are not included in our sample because their magnitude is fainter than 20.0 in red, as follows. In the sample with S 408 ≥ 0.8 Jy we can obtain a direct information: 55 EF out of 210 have been observed spectroscopically and only 1 EF turned out to be a quasar while all the other EF are high z radiogalaxies (Djorgovski private communication 1996) . We therefore estimate that about 4 quasars are fainter than the POSS−I limit. There will be 68 Quasars in this radio flux bin, regardless of the optical magnitude limit, 64 brigther than 20 magnitudes and 4 hidden among the Empty Fields. This is in good agreement with another direct information obtained by Grueff & Vigotti (1975) by observing 113 Quasar candidates, at limiting flux of 0.9 Jy at 408 MHz, (∼ 50% spectroscopically confirmed) down to m v = 22.5. They found only 4% of the quasar sample fainter than POSS−I limit. However the question of how many quasars are in the EF has different answers depending from the flux limit and from the frequency selection of the sample. The magnitude histograms in Fig. 3 show that for samples selected at low frequency the sample incompleteness is negligible at higher flux (3CR or B3−VLA at S ≥ 0.8 Jy). It is also evident that the median magnitude of the sample is becoming fainter in fainter flux bins. On the other hand lower flux samples c and d, as defined in Fig. 3 , show a clear cut in the right side of the histogram due to the POSS−I magnitude limit. An approximate evaluation of the number of the quasars in EF versus the sample flux can be obtained af follows. As hinted from Fig. 3 we can assume that the shape of the magnitudes distribution in different flux bins does not vary with flux but the whole histogram is shifted towards fainter magnitudes at lower fluxes. We compute D med : the difference of the median magnitude of b and c samples in Fig. 3 , we shift the magnitude distribution of sample b by D med toward fainter magnitudes and finally we assume that the fraction of quasars that are in EF in the sample c is the same as for the new sample b. Than we recalculate the median of the sample c and repeat the procedure. This allows to have a reasonable estimate of the number of quasars hidden in EF for different flux intervals (see Table 2 ).
The final sample
The final sample now contains 172 quasar candidates brighter than m r ≤ 20.0. The quasar candidates sample is further subdivided into 120 blue starlike objects (B) and 52 neutral color or red starlike objects (N ). For all the candidates (except 35 with literature redshifts available) spectra were obtained at the 2.2 m and 3.5 m telescopes of Calar Alto during various observing runs. Some earlier data from these observations are described in Vigotti et al. (1990) , and Lahulla et al. (1991) . The remaining data are described in Sect. 3. Table 3 presents the final assessment of the B3-VLA quasar candidates identifications after the identification revision and the spectroscopic observations.
The relatively high number of misidentifications with stars is due to acceptance of low-probability Identifications Table 3 were previously known in literature. Four spectra are classified as featurless: two are possible BLLac candidates on the basis of their radio morphology: 2322+396 and 2311+396a. The former is unresolved (diam ≤ 0.5 ) and has flat radio spectral index (0.0) , while the latter is a less probable candidate, radio extended, diffuse and with a spectral index = −0.9. The remaining two objects with featureless spectra could be either galaxies or stars as they lack the typical radio characteristics of Bl-Lacs. The final complete sample of quasars is presented in Table 4 . Redshifts are available for 123 of the 125 spectroscopically confirmed quasar. The columns contain the following data: Column 1: name; Column 2: Right Ascention (1950.0) of the optical position (0.6 arcsec rms). Column 3: Declination (1950.0) of the optical position (0.6 arcsec rms). Column 4: Radio flux at 408 MHz. Column 5: APM red Magnitude. Column 6: Spectral Index. Column 7: Redshift. Column 8: Reference to published redshifts.
Observations of the quasar candidates
The observations of the quasar candidates candidates were accomplished with the Focal Reducer (Lenzen 1989) at the prime focus of the 3.5 meters telescope of the GermanSpanish Astronomical Center at Calar Alto (Spain) during six observing runs: October 1989 , March 1990 , October 1990 , February 1991 , September 1991 and November 1992 Our spectra cover a wavelength range from about 4000 to 9000Å with resolution ∼ 12Å per pixel (except for the three last runs, when the focal reducer optics have been slightly modified giving a resolution of ∼ 16Å per pixel).
When the low dispersion spectrum showed no evident broad emission lines typical of quasars, the objects, with a few exceptions, were reobserved at higher dispersion (with a resolution of ∼ 4Å per pixel).
Flux calibration was obtained observing the following standard stars: Feige 98, Feige 15, Eggen 247 and HD 192281. Wavelength calibration spectra were obtained pointing to a screen in the dome illuminated by an He−Ar lamp. We decided to take only one series of He−Ar spectra at the end of each night, instead of one after each object, because of the conspicuous flexures arising from aiming at the screen near the dome floor. These flexures give rise to a wavelength shift which we corrected taking the NaI 5577Å sky line as a reference zero−point. Furthermore, at low resolution the paucity and the poor definition of some lines of the He−Ar comparison spectrum near 4000Å, has not allowed to obtain a good wavelength calibration in the blue region. In some cases the redshifts corresponding to the lines lying in the blue have been excluded in the calculation of the mean z.
Some representative spectra are shown in Fig. 4 . Table 5 lists the data for 77 of the 93 objects observed. The remaining 16 objects were spectroscopic stars and are listed in Table 6 together with other objects which changed the original identification, becoming "Empty Field" or "Galaxy".
The columns contain the following data: Column 1: name; Column 2: previous identification: B blue object, N red starlike object; Column 3: line identification; Column 4: observed wavelength; Column 5: rest wavelength adopted; Column 6: redshift computed for that line; Column 7: average redshift and eventually new spectroscopic identification, if not confirmed as Quasar.
To ease further studies of these objects, expecially of the few unsolved cases, we provide in Fig. 5 the finding charts for all the objects listed in the Table 5 and also for 8 objects listed in Table 6 identified as stars. Table 6 lists objects whose identification changes due to spectroscopic and/or CCD observations. This table is intended to supplement table in Vigotti et al. (1989) , where the optical coordinates are quoted.
Comments on individual sources
In this section some comments are collected for sources having peculiar or not well defined features in their spectra as well as details on a few objects whose identification changed from the original radio source identification. 0028+450: Our spectrum shows MgI (5175Å) and NaI (5892Å) at rest, thus we have classified this object as a star (see Table 6 ). However the identification is uncertain because Thomson et al. (1992) report the presence of one emission line which they identify as [OIII] (4983Å at rest), thus classifying the object as a NELRG at z = 0.365.
0143+446b:
The original identification was 14 magnitude red stellar object. In a CCD we discovered a fainter object about 4 arcsec south which revealed to be the true identification, i.e. a quasar with m r ∼ 19 (see Table 4 ).
0219+443:
The spectrum only shows MgII, indicating a redshift of 0.852, in good agreement with Djorgovski et al. (1990) who find 0.850 from a spectrum with five lines (see Table 5 ).
0226+467: Only one broad line at about 6200Å is present in our spectrum. We do not give the value of the redshift because of the poor Signal to Noise Ratio of the spectrum. If we identify the line as an MgII the redshift is ∼ 1.216 (see Table 5 ).
0255+460:
As mentioned earlier, our wavelength calibration has some uncertainties in the blue region of the spectrum. The feature at about 4240Å was identified as CIII, confirming the MgII at 6185Å. The redshift reported in Table 5 is based on MgII only.
0724+396:
The identification was with a galaxy of 16.5 mag which revealed to be a star. The Quasar is 5 SW and closer to radio centroid (see Table 4 ).
0809+404:
We report spectral data for this object, though it was not included in the 172 quasar candidates 
0912+392:
The optical counterpart has been found 1.5 m fainter during the March 1990 observing run with respect to POSS−I.
0953+398:
A broad line at about 4300Å has been identified as CIII, confirming that a line at 6099Å is MgII. The redshift derived from the CIII is not reported and the final value has been computed using MgII only (see Table 5 ).
1128+385:
A line at about 4350Å has been identified as CIV, confirming the feature at 5221Å being CIII. The redshift relative to CIV is not reported because of problems with wavelength calibration at the blue end of the spectrum. The redshift is computed using CIII only (see Table 5 ).
1241+411:
We report spectral data for this object, though it was not included in the 172 quasar candidates sample. The original ID was G?, but it had stellar appearance on the CCD image. The spectrum classified it as Emission line galaxy.
1416+400:
A feature at about 4150Å has been identified with MgII but we didn't use it for the redshift calculation because of problems with wavelength calibration in that region of the spectrum. The other lines present in the spectrum give anyway a good z measurement (see Table 5 ).
2316+398:
The line at 7835Å, identified as MgII, has a poor definition and it was not possible to obtain a secure value of the central wavelength, so we decided not to use it for the redshift determination. Thus the redshift has been computed using CIV only.
2322+396:
The spectrum appears featureless but this may be due to the bad S/N ratio (see Table 5 and Table  6 ), thus the identification is uncertain.
2329+398:
The spectrum shows only one emission line at about 5010Å and wide enough to say that this is a Quasar. Since it was not possible to give a certain identification, the redshift is not reported.
Discussion
Out of 172 quasar candidates we have obtained a complete sample of 125 quasars. Figure 6 show the redshift distribution for the 123 quasars whose z is known. The median redshift (dashed line) is 1.16. Of the remaining candidates 1 is a Seyfert galaxy, 5 are narrow emission line galaxies, 17 are normal galaxies, 17 have been reclassified as empty fields as the proposed identification turned out being a galactic star, 4 objects have featureless spectra so they can be Galaxies or Stars or Bl− Lacs. 
